Studies of testis cancer in young men 1 ' 2 have revealed elevated risks of this disease due to maternal and perinatal factors including low birthweight, maternal oestrogen administration, high maternal body weight, and excessive vomiting in pregnancy. However, the most prominent risk for testis cancer is generated by undescended testes. 3 " 6 Inguinal hernia, often clinically associated with cryptorchidism, has also been implicated as generating an increased risk for testis cancer. Epidemiological studies have found that low birthweight increases the incidence of inguinal hernia. 7 ' 8 Chung and Myrianthopoulos 9 found that multiple birth also increased the incidence of that malformation. The only significant risk factor they found for cryptorchidism was maternal high blood pressure during pregnancy.
A recent case-control study of cryptorchidism 8 has implicated breech labour as a risk factor for this condition. This was ascribed to compromised fetal circulation to the scrotal region in breech delivery. There have been a number of reports of testicular damage during breech births. 10 " 13 The study of cryptorchidism above also found an increased risk for primigravidae, mothers with blood group B, and mothers younger than 20.
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Cosgrove et al u found an increased incidence of urogenital abnormalities including maldescent, meatal stenosis and hypoplastic penis, in sons exposed during gestation to diethylstilbestrol (DES). Gill et a/ 15 observed increased occurrence of capsicular induration and hypoplastic testes in young men exposed in utero to DES. DES administration can produce incomplete male genital development in male mice, including testicular hypoplasia and cryptorchidism. 16 - 17 Testicular hypoplasia is a common feature of cryptorchidism, even on the contralateral side. l8~20 Rothman and Louik reported an increased incidence of cryptorchidism among sons whose mothers inadvertently took oral contraceptives during early pregnancy. 21 Therefore, a case-control study of cryptorchidism and inguinal hernia was undertaken to determine if low birthweight, maternal oestrogen consumption or other gestational events create increased risk of these malformations.
METHODS
The data used were obtained from the Collaborative Perinatal Project of the National Institute of Neurological and Communicative Disorders and Stroke. These data were collected as part of a prospective study of over 50000 pregnancies between 1958 and 1965. The development and sample frame of the project has been described elsewhere. Children in the Perinatal Project were examined at birth and at four months, one year and seven years of age. Cryptorchidism was included only if still present after one year of life in order to exclude those cases in which spontaneous descent occurred. In many instances inguinal hernia was diagnosed first at the seven-year examination; therefore, these studies were restricted to boys who lived at least seven years. The studies were also restricted to women and their children who were part of the sample frame of the Perinatal Project. Male children who were diagnosed with cryptorchidism or inguinal hernia by seven years of age were selected as cases. Controls were the next two women of the same race to register at the same study centre who bore a male child that had no urogenital malformations. Because testis cancer is much more common among whites and in order to make these studies comparable to our prior study of that cancer, 1 the casecontrol studies presented here are restricted to white cases and controls.
Results were analysed by conditional logistic regression methods for matched case-control studies. 23 The odds ratios estimated from such analyses closely approximate the corresponding relative risk, and the latter term is used in the text for clarity of presentation. All significance tests (P values) quoted are one-sided.
RESULTS
In the Perinatal Project the prevalence of cryptorchidism among white males who lived at least seven years was 2.62% and that among black males was 2.03%, not significantly different ( Table 1 ). The prevalence of hernia was 4.77% among the same white males and 4.19% among black males. Again, these rates are similar between the races. The presence of either of these malformations significantly increased the odds of occurrence of the other (Table 1 ). The prevalence of cryptorchidism found here in white male children is comparable to 3.38% found in England by Swerdlow 8 for the prevalence of orchidopexy. The remainder of the analyses presented are from a casecontrol study drawn from the Perinatal Project as described in Methods. 24 Congenital rubella is often associated with inguinal hernia, cryptorchidism and hypospadias. 24 None of the other multiple malformation syndromes has been associated with urogenital defects. Elimination of subjects with these syndromes did not appreciably change the results presented here.
Five hundred and forty-seven cases of inguinal hernia were identified and matched to 1094 controls. Other urogenital defects existing along with inguinal hernia were: 51 cases with cryptorchidism, 89 hydrocele, 12 hypospadias, 2 chordee, 5 meatal stenosis, 3 penile hypoplasia, 4 testes hypoplasia, 1 cystic kidney, 5 phimosis, 1 bladder obstruction, 1 calyx deformity, 1 hydronephrosis. There were 129 cases of inguinal hernia who had one other urogenital defect, 11 with 2 and 8 with more than 2 defects. Among the cases there were a congenital rubella, a male Turner and a von Recklinghausen syndrome; whereas, 3 controls had congenital toxoplasmosis. The male phenotypic variant of Turner syndrome is always associated with gonadal dysgenesis. Again omission of subjects with these syndromes did not change the results presented here.
Results of matched univariate analyses are given in Table 2 . The numbers of cases and controls vary because of missing data. Children of low birthweight, of a multiple birth, or of shortened gestation all had significantly increased risk both for maldescended testis and inguinal hernia. The risk of cryptorchidism, but not hernia, was elevated in those whose mothers had a high body weight, as indicated by a high Quetelet's index (weight in kg divided by height in m squared). Breech labour showed elevated odds ratios for both malformations, but only the risk for hernia was statistically significant. There was no evidence of increased risk from caesarian section or from induced labour. The mean birthweight of breech labour cases was 2847 g and of vertex births, 3207 g, which is a significant difference by t-test (p < 0.0001).
The risks of both malformations were elevated for those whose mothers took oestrogen during pregnancy; however, that for hernia was not statistically significant. Mothers were judged to be exposed if they took oestrogen at any time during pregnancy. These oestrogens were consumed generally over a lengthy period in most pregnancies so that analysis by specific trimester was impossible.
The odds ratio for cryptorchidism and progestin exposure was not elevated. On the other hand, the risk ratio for inguinal hernia was significantly elevated for that exposure ( Table 2 ). The risk ratios for taking oestrogens and progestins simultaneously, most often as oral contraceptives or as pregnancy tests, in the first two months of pregnancy, were not significantly different than unity for either malformation. The specific drugs taken are listed in Table 3 . The effects of these drugs on either malformation cannot be ascribed to any single agent.
There was no evidence in the data that the risk for hernia or maldescended testis was influenced by other pre-existing maternal factors, including age, parity, age at menarche, or history of infertility, stillbirth or miscarriage. Events or conditions present during pregnancy, including diabetes, oedema, fever, infections, hypertension, did not seem to affect these risks either, although mothers of cryptorchid boys, but not of boys with hernia, had albumin in the urine more often than control mothers (13/300 cases vs 8/599 controls, matched RR = 3.2).
There was no difference in socioeconomic index, income, or mothers' education between cases and controls. However, since these factors are strongly related to the hospital of confinement, which was a matching variable, the power of this study to detect such effects is greatly reduced. Most of the variance of each of these socioeconomic variables was explained by the hospital of confinement in an analysis of variance.
The use of oestrogens and progestins was related in this data to a history of prior fetal loss (Table 4) . Significantly more mothers in each study who had a history of prior loss used oestrogens and/or progestins than did mothers without such history (P < 0.0001). There was no difference in the mean birthweight of children born to mothers with a history of prior fetal loss as compared to those with no such history.
The factors of low birthweight, short gestation and multiple birth were examined together by logistic regression. Neither multiple birth nor length of gestation were significant additions to a model which contained birthweight. However, birthweight was a significant addition to a model containing either gestational length or multiple birth. This analysis indicates that, of these three factors, low birthweight is probably the primary risk factor. When low birthweight, oestrogen administration, and Quetelet's index were modelled together, estimates of risk were unchanged from the univariate estimate (Table 2 ) by inclusion of either or both of the other factors in the multivariate model, and all were significant additions to each other. Breech labour did not interact significantly with low birthweight by logistic regression analysis.
DISCUSSION
In prior studies 1 ' 225 evidence was presented that oestrogens administered to mothers during gestation increased the risk of testis cancer in sons. Other risk factors for testis cancer were a high body weight in the mother and severe vomiting in pregnancy, especially in first pregnancies. It was hypothesized 1 that increased maternal levels of oestrogen unbound by sex hormone binding globulin (SHGB) may be the factor that generates the increased risk in the son. Nausea is a common side effect of oestrogen administration. High body weight is known to reduce SHBG levels and increase the free oestrogen fraction. In the present study, a significant elevation of the risk ratio for cryptorchidism was found for exogenous oestrogens, most often DES, administered to the mother during pregnancy (Tables 2 and 3 ). For inguinal hernia the odds ratio for this exposure was only elevated to 1.2 and was not statistically significant. This last result is not surprising given the low numbers of oestrogen exposures in this study and the fact that hernia is a weaker risk factor than cryptorchidism for testis cancer.
MATERNAL AND GESTAT1ONAL FACTORS
Heinonen el al, 1 in their study of drugs and malformations in the Perinatal Project, reported risk ratio of 0.79 for oestrogens and inguinal hernia. They included in their study all live or stillborn cases of inguinal hernia diagnosed at birth or in the first year of life; whereas we studied only those who survived to age seven and included diagnoses made after one year of age. Thus, our data differ somewhat from theirs. Nevertheless, the risk ratio of 1.2 which we found is consistent with the result of 0.79 found by Heinonen et al because the confidence limits for our result overlap their value. Only with progestational agents did they find the odds ratio to be elevated (RR=1.52; 95% confidence interval, 1.1-2.1). We find a risk ratio of 2.1 (confidence interval 1.2-3.5) for progestins and inguinal hernia in agreement with them. On the other hand, we found no increase in the odds ratio for cryptorchidism and progestins. Rothman and Louik 21 found a relative risk of 1.9 for undescended testes and oral contraceptive use one month before conception, or later. The confidence limits for our result overlap their estimate and therefore these results must be considered mutually consistent. Thus, the elevated risk for inguinal hernia is associated primarily with progestin administration to the mother; whereas cryptorchidism seems to be associated with oestrogens. These two hormones may oppose each other when administered simultaneously, as judged by the absence of effect with oral contraceptives.
A high body weight is a factor known to reduce SHGB levels in women 26 and has been associated with an elevated risk for testis cancer in sons. 1 In the present study a high maternal Quetelet's index was associated with cryptorchidism, just as was maternal oestrogen consumption.
The strongest factors associated with the two malformations were a short gestation and a low birthweight. Low birthweight is also a risk factor for testis cancer. 1 In addition, multiple birth had significantly elevated odds ratios. Multivariate analysis indicated that these latter hvo factors are most probably surrogates for low birthweight, since neither was a significant addition to any model which included birthweight and birthweight was always significant regardless of adjustment for either multiple birth or short gestation. It could be anticipated that these two malformations, which are the result of processes completed only in the last few weeks of gestation, would be related to low birthweight and shortened gestational development. Chung and Myrianthopoulos, 9 in their analysis of birth defects in the Perinatal Project, found that inguinal hernia was increased with multiple birth; while Heinonen el al 1 reported that low birthweight was a positively related factor.
The fact that the odds ratio is not elevated for hernia and a history of fetal loss, when considered with (1) a significantly elevated risk ratio for progestin use and (2) a higher progestin use with such a history, implies a different odds ratio for hernia and progestin use between women with and without prior fetal losses. Progestins are known to have been given to women who had had fetal loss. Contrary to expectation, these data show that the risk is elevated only for progestin use by women without a history of fetal losses (RR = 3.4, P = 0.004). In this analysis women without fetal losses include nulligravidae as well as parous women; and among women without a history of loss, there is no suggestion that parous and nulliparous women differ in the risk associated with progestin use. We have no indication in the clinical data at hand why these progestins were administered to women who had no fetal losses, and have no explanation for this unexpected observation.
The major risk factor Chung and Myrianthopoulos 9 reported for maldescent was high blood pressure, an effect not found in this study. An explanation may be that they included fetal deaths in their study and we looked only at children who survived. Therefore, the effect associated with high blood pressure may have been related more to major malformations which we have excluded by our case selection criteria. Perinatal deaths were excluded purposely to reduce possible confounding of the observations relating to the minor malformations studied here that could be produced by major malformations found in perinatal deaths. Cryptorchidism and inguinal hernia often occur together. 8 This effect is also present in the Perinatal Project. Of the 847 white boys who had either undescended testis or inguinal hernia, 51 had both conditions (Table 1) . Analyses similar to those presented in Table 2 were undertaken for boys with both cryptorchidism and hernia. The odds ratios calculated did not differ appreciably for those in Table 2 . The number of exposures to hormones were very few among this subset, and the odds ratios for all factors became nonsignificant because of low numbers.
The only factor associated with labour and delivery found to increase risk of either malformation was breech labour. Breech presentation is more common among babies of low birthweight or of short gestational age 27, 28 Tj,e head is proportionally lighter than the body in underdeveloped fetuses, and the normal rotation to the vertex position, which occurs at about 32 weeks, is accomplished less readily. As expected the birthweight was significantly less for breech births than for other births. Therefore, breech delivery was modelled by logistic regression with low birthweight and short gestation to determine if there was an interaction. Either of the latter factors only slightly reduced the estimated risk ratio for breech labour and cryptorchidism or hernia, indicating that little of the risk created by breech labour can be ascribed to early labour or retarded growth in these data.
Breech labour has been shown in several clinical series 10 "
13 to produce testicular damage and recently has been demonstrated as a risk factor for cryptorchidism. 8 In our study the risk was elevated more for hernia (RR = 2.28) than for maldescent (RR = 1.45) and was significant only for hernia. When cases of hernia were excluded from the analysis of cryptorchidism the estimated risk ratio for breech labour was reduced from 1.45 to 1.11; on the other hand, the risk ratio for breech labour was unaffected when cryptorchid cases were excluded from the analysis of inguinal hernia. The true relation, therefore, may be that for hernia, while the elevated odds ratio for cryptorchidism may be due to the fact that these two malformations are risk factors for each other (see above). The risk ratio for cryptorchidism found by Swerdlow et al s to be associated with breech labour was 4.5; and its confidence limits overlap our result. There was no significant difference for breech delivery or labour, since almost all breech labours were delivered vaginally in our study. Our results therefore are consistent with those of Swerdlow. As they proposed, the effect may be due to impaired circulation to the fetal testes due to prolonged breech labour. They also found an increased, but nonsignificant risk (RR= 1.4) of cryptorchidism for the.sons of primigravidae; however, in the present study, the relative risk for such sons was 0.75 (p = 0.03).
The descent of the testes is under the control of dihydrotestosterone, which is produced by the fetal testes. 29 Undescended testes, as well as contralateral descended testes in unilateral cases, tend to be hypoplastic.' 8 " 20 It has been suggested that the underlying cause of maldescent is testicular hypoplasia. This is supported by the fact that the risk for testis cancer is also elevated for the descended as well as the ectopic testis in unilaterally cryptorchid men. 2 ' 20 Abnormal levels of free oestrogen in the mother may, therefore, produce hypoplastic testes, 14 
"
17 especially if administered during the first trimester, when that organ matures and first functions; whereas breech labour may damage the testes by mechanical means or by impaired circulation."" 13 It has been observed in studies of testis carcinoma 1 ' 2 that severe nausea and vomiting during pregnancy was a risk factor for that cancer. This risk was prominent only for firstborn children. We attempted here to see if vomiting in pregnancy was also related to cryptorchidism. The data on vomiting in the Perinatal Project varied by hospital. Also, vomiting was not recorded in a consistent way before and after the woman's registration with the Project, and there was a lower incidence of vomiting recorded before registration than after. Women who had severe nausea tended to register with the Project earlier in gestation than other women. Because of this double confounding we did not attempt further analysis of the data on vomiting. There were 3 cases versus 9 controls diagnosed with hyperemesis gravidarum in the cryptorchidism study (matched RR = 0.64), and 6 cases versus 16 controls in the hernia study (matched RR = 0.75). Neither result was significant nor provided support for an effect of hyperemesis on either malformation. However, the confidence limits around each result are wide enough to include an actual relative risk of at least two. Consequently, these data can neither prove nor disprove an effect of hyperemesis on hernia or cryptorchidism. Too few of the women with hyperemesis were nulliparous to analyse separately.
CONCLUSION
In this case-control study of cryptorchidism and inguinal hernia in white male offspring, oestrogen administration to mothers increased the risk of each malformation. However, only that for cryptorchidism was statistically significant. Progestins given during gestation significantly increased the risk of inguinal hernia, but not of maldescent. These results are consistent with the finding of increased risk of testis cancer in sons of pregnant women given sex hormones. 20 which in turn could be caused by maternal oestrogen consumption. Excess body weight in mothers can increase effective oestrogen levels in women by reducing SHGB concentration in the blood thereby producing higher unbound oestradiol, which is thought to be the biologically active oestrogen fraction. 26 Thus it is proposed that excess exogenous or endogenous oestrogen can produce testicular hypoplasia, probably by acting in the first trimester, the period of differentiation of that organ. Testicular hypoplasia then could lead to maldescent and ultimately to testis cancer.
Low birthweight, a risk factor found here for both cryptorchidism and inguinal hernia, is a manifestation of retarded growth and development. The testes descend and the inguinal canal closes during the last trimester. These processes are likely to not be completed as effectively if gestation is shortened or growth and development is slowed. Breech labour may create risk for cryptorchidism or hernia by mechanical injury to the testes, whose production of dihydrotestosterone is necessary for testis descent and closure of the inguinal ring behind.
Thus all the risks found in this study can act by producing testicular hypofunction. Such hypofunction is related to cryptorchidism, inguinal hernia and very probably to testis cancer.
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